Speech comprehension is a complex human skill, the performance of which requires the perceiver to combine information from several sources -e.g. voice, face, gesture, linguistic context -to achieve an intelligible and interpretable percept. We describe a functional imaging investigation of how auditory, visual and linguistic information interact to facilitate comprehension. Our specific aims were to investigate the neural responses to these different information sources, alone and in interaction, and further to use behavioural speech comprehension scores to address sites of intelligibility-related activation in multifactorial speech comprehension. In fMRI, participants passively watched videos of spoken sentences, in which we varied Auditory Clarity (with noise-vocoding), Visual Clarity (with Gaussian blurring) and Linguistic Predictability. Main effects of enhanced signal with increased auditory and visual clarity were observed in overlapping regions of posterior STS. Two-way interactions of the factors (auditory × visual, auditory × predictability) in the neural data were observed outside temporal cortex, where positive signal change in response to clearer facial information and greater semantic predictability was greatest at intermediate levels of auditory clarity. Overall changes in stimulus intelligibility by condition (as determined using an independent behavioural experiment) were reflected in the neural data by increased activation predominantly in bilateral dorsolateral temporal cortex, as well as inferior frontal cortex and left fusiform gyrus. Specific investigation of intelligibility changes at intermediate auditory clarity revealed a set of regions, including posterior STS and fusiform gyrus, showing enhanced responses to both visual and linguistic information. Finally, an individual differences analysis showed that greater comprehension performance in the scanning participants (measured in a post-scan behavioural test) were associated with increased activation in left inferior frontal gyrus and left posterior STS. The current multimodal speech comprehension paradigm demonstrates recruitment of a wide comprehension network in the brain, in which posterior STS and fusiform gyrus form sites for convergence of auditory, visual and linguistic information, while left-dominant sites in temporal and frontal cortex support successful comprehension.
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Introduction

Background
Everyday speech comprehension is multi-faceted: in faceto-face conversation, the listener receives information from the voice and face of a talker, the accompanying gestures of the hands and body and the overall semantic context of the discussion, which can all be used to aid comprehension of the spoken * Corresponding author. Tel.: +44 020 7679 7529; fax: +44 0020 7813 2835. message. Behaviourally, auditory speech comprehension is enhanced by simultaneous presentation of a face or face-like visual cues (Bernstein, Auer, & Takayanagi, 2004; Bishop & Miller, 2009; Girin, Schwartz, & Feng, 2001; Grant & Seitz, 2000b; Hazan, Kim, & Chen, 2010; Helfer & Freyman, 2005; Kim & Davis, 2004; Kim, Davis, & Groot, 2009; Ma, Zhou, Ross, Foxe, & Parra, 2009; Ross, Saint-Amour, Leavitt, Javitt, & Foxe, 2007; Schwartz, Berthommier, & Savariaux, 2004; Sumby & Pollack, 1954; Thomas & Pilling, 2007) . Higher-order linguistic information can also benefit intelligibility: words presented in a sentence providing a rich semantic context are more intelligible than words in isolation or in an abstract sentence, particularly when auditory clarity is compromised (Dubno, Ahlstrom, & Horwitz, 2000; Grant & Seitz, 2000a; Kalikow, 
